The introduction of targeted therapies over the past 10 years revolutionized the treatment of metastatic renal cell carcinoma (mRCC). The next 10 years hold promise for even greater expansion of the therapeutic armamentarium for mRCC. A number of recently completed and ongoing trials have explored the use of antivascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitors (TKIs) and mammalian target of rapamycin (mTOR) inhibitors in the adjuvant setting, the use of predictive biomarkers to guide personalized medicine, as well as new systemic treatments and combination therapies for mRCC.
Introduction
Over the past decade, the treatment of metastatic renal cell carcinoma (mRCC) has evolved to include drugs that target the vascular endothelial growth factor (VEGF) and mammalian target of rapamycin (mTOR) pathways, resulting in substantially improved outcomes for this patient population. However, despite prolonged survival, the majority of patients will develop resistance to VEGF-and mTOR-targeted therapies. New therapeutic strategies are continually being explored to overcome resistance and provide a more robust response.
New paradigms in the treatment of RCC are developing. Of particular interest are the use of targeted therapies in the adjuvant setting and the use of biomarkers to improve patient selection and guide personalized medicine. The next 10 years will also likely see the introduction of additional treatments for mRCC, including new systemic treatments and new combination therapies.
Use of targeted therapies in the adjuvant setting
There is currently no defined role for adjuvant therapy for localized RCC following partial or radical nephrectomy.
Several adjuvant strategies, including cytokine therapy, radiotherapy, and hormone therapy, have been explored to reduce the rate of relapse, but have been unsuccessful. 1 The proven efficacy of the anti-VEGFR tyrosine kinase inhibitors (TKIs) sunitinib and sorafenib in patients with mRCC supports their evaluation as adjuvant therapy, and multiple trials have evaluated this strategy. The ASSURE trial was the first large, multicentre, randomized, double-blind trial to report results of antiangiogenic therapies in the adjuvant setting for RCC. 2 A total of 1943 patients who were considered to be at high risk for relapse following nephrectomy were randomly assigned to adjuvant treatment with sorafenib, sunitinib, or placebo. A high degree of Grade 3 or higher side effects and the need for dose reductions prompted a study amendment to reduce the starting dose to improve compliance. However, more than half of patients still experienced Grade 3 or higher side effects, and ASSURE failed to show improvements in the primary endpoint of disease-free survival (DFS) or in overall survival (OS) with either treatment vs. placebo.
In the S-TRAC trial, 615 patients with locoregional, highrisk RCC after nephrectomy were randomly assigned to treatment with sunitinib or placebo on a four-weeks on/twoweeks off schedule for one year or until disease recurrence, unacceptable toxicity, or consent withdrawal. 3 Patients enrolled in this trial had more locoregionally advanced disease than that of the ASSURE trial. Patients treated with adjuvant sunitinib had a prolonged DFS compared with those given placebo (6.8 vs. 5.6 years; p=0.03); however, this was achieved at a cost of increased toxicities, including higher rates of Grade 3 or 4 adverse events (AEs) (63.4% vs. 17.1% in placebo) and consistently lower health-related quality of life (HRQOL) scores compared with those who received placebo. Differences in outcomes between the ASSURE trial and the S-TRAC trial were likely related to differences in patient populations and methodologies. The ASSURE trial included many patients with stage 1 tumours (9%) and patients with non-clear cell histology (21%), while S-TRAC included only patients with late-stage (locoregional), clear-cell disease. In ASSURE, the starting dose of sunitinib was changed midtrial from 50 mg to 37.5 mg, with dose The next 10 years: Challenges for the future and overcoming resistance to targeted therapies for renal cell carcinoma
The next 10 years in RCC reductions to 25 mg allowed. In S-TRAC, the starting dose of 50 mg was used, with dose reductions allowed to 37.5 mg per day. S-TRAC also confirmed disease-free status before enrollment by central review of radiographs, with the primary endpoint of DFS based on blinded central review, while in ASSURE, assessments were conducted by investigators alone. Currently, OS in the S-TRAC trial is too immature to draw any conclusions.
A number of other trials are evaluating the use of anti-VEGF TKIs and mTOR inhibitors in the adjuvant setting (Table 1) . Their results are eagerly awaited and will hopefully provide guidance to the medical community about the most appropriate use of these agents in the adjuvant setting. It is likely that better means of patient selection will be needed to maximize the benefits of adjuvant treatments. Based on the clinical trial data so far, adjuvant use of sunitinib is likely to be limited to those with higher-risk disease (i.e., node-positive disease, larger T4 tumours, etc), especially if OS benefit is confirmed. Whether patients with lowerrisk disease (i.e., T2/T3 tumours) will benefit from adjuvant therapies remains to be determined and for most patients, surveillance remains the standard of care.
Biomarkers
For resected localized disease, use of a recurrence score, such as that proposed by Rini et al using a 16-gene assay, might also be incorporated into future clinical trials to further stratify patients with clear-cell RCC and to help identify patients with higher biological risk of recurrence. 4 Eventually, this could help physicians make more informed treatment decisions about who is most appropriate for adjuvant therapies when they become available.
For metastatic disease, given the high cost of targeted therapies and the associated toxicities, identification of biomarkers to response may lead to improved identification of patients who are most likely (or least likely) to benefit from a particular treatment. For example, the mTOR inhibitors everolimus and temsirolimus have proven benefits in patients with mRCC. Recent data have suggested that mutations in the mTOR pathway genes MTOR, TSC1, and TSC2 are associated with a better response to rapalogues in patients with mRCC. 5 The randomized, phase 2 RECORD-3 trial compared first-line everolimus followed by sunitinib with first-line sunitinib followed by everolimus at progression in 471 treatment-naïve patients with mRCC. At ASCO 2015, Hsieh and colleagues 6 reported results of the RECORD-3 trial showing that mutations in KDM5C may predict sensitivity to everolimus or sunitinib. KDM5C mutations were associated with longer progression-free survival (PFS) in those treated with sunitinib. 6 Programmed death-ligand 1 (PD-L1) has also been explored as a biomarker to identify adverse clinicopathological features of RCC.
7 PD-L1 expression in RCC is associated with aggressive features, such as higher TNM stage, tumour size or Fuhrman nuclear grade (FNG), and increased risk of cancer-specific mortality. However, the use of PD-L1 as a biomarker is constrained by a number of issues, as it may be affected by the age of specimens, the use of primary vs. metastatic tissue samples, and the notion that the immune system and the PD-1 axis may be a dynamic, ever-changing process that may not be captured well in a one-time test. 8 None of these biomarkers on their own is able to positively select who will benefit from a particular drug because certainly there are patients without these mutations who still benefit from these drugs. To improve upon the limited predictive power of individual biomarker candidates, in the future, a panel of multiple markers may be required to generate more sensitive and more specific composite biomarker scores for predicting treatment responses and outcomes.
Metastatic RCC
There are several ongoing studies that may substantially alter the current approach to first-line management of mRCC. Two phase 3 trials are exploring anti-VEGFR TKI therapy in combination with cancer vaccines. IMA901, a vaccine comprised of tumour-associated peptides (TUMAPs), was a negative study. 9 Another vaccine, AGS-003, is currently in late-stage development for mRCC. The phase 3 ADAPT trial will compare sunitinib monotherapy with sunitinib in combination with AGS-003 in 450 patients with synchronous mRCC. 10 In addition to vaccines, other immunotherapeutic approaches are being explored in the first-line treatment of mRCC. There is increasing attention on the PD-1 signaling pathway. The PD-1 inhibitor nivolumab, now a secondline standard of care for mRCC, was evaluated in the phase 3 registration CheckMate-025 trial comparing nivolumab monotherapy with everolimus in patients who had received one or two prior antiangiogenic therapies. 11 There was an improvement in OS with nivolumab (25 months vs. 19.6 months; hazard ratio [HR] 0.73), as well as an increase in objective response rate (ORR) (25% vs. 5%) vs. everolimus, with no difference in PFS (4.6 vs. 4.4 months; HR 0.88). 12 A phase 3 trial is currently evaluating the combination of nivolumab and ipilimumab in a first-line setting vs. sunitinib with OS as the primary endpoint, 13 based on an acceptable safety profile and promising response rate of this combination in a phase 1 trial.
14 Numerous other combination trials with PD-1 inhibitors and VEGFR inhibitors are ongoing with agents including atezolizumab, avelumab, durvalumab, axitinib, cabozantinib, and lenvatinib. Their results are eagerly awaited; however, unless there is a very significant complete response rate or large OS advantage, the cost and toxicities associated with these combination therapies may preclude their widespread use.
Conclusion
The management of RCC has evolved markedly over the past decade, with the introduction of the targeted therapies sunitinib, sorafenib, pazopanib, and temsirolimus. The next 10 years hold promise for even greater expansion of the therapeutic armamentarium for RCC. With a number of recently completed and ongoing trials exploring anti-VEGF TKIs and mTOR inhibitors in the adjuvant setting, there is great potential for these agents to move from the setting of metastatic disease to the adjuvant space. With somewhat conflicting outcomes in the first large adjuvant trials of sunitinib and sorafenib, appropriate patient selection will become increasingly important and awaiting other adjuvant trials to report will help better inform our practice. Currently, robust predictive biomarkers used to guide personalized medicine are lacking. Given the high cost of the available and emerging drugs and the need to avoid unnecessary toxicities in patients who are unlikely to benefit, future studies will need to identify patients who are most likely to benefit. The coming years also hold promise with the emergence of new systemic treatments and combination therapies for mRCC, many of which show promise in the front-line setting.
